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Background: We aimed to assess the contribution of specific causes-of-death to excess mortality of homeless persons and to identify differences in cause-specific mortality rates after vs. before implementing social policy measures. Methods: We conducted a register based 10-year follow-up study of homeless adults in Rotterdam and calculated the proportion of deaths by cause-of-death in this cohort in the period 2001-2010. We estimated causespecific mortality among the homeless compared to the general population with Standardized Mortality Ratios. We calculated Hazard Ratios adjusted for age and sex to compare mortality rates by cause-of-death among the homeless in the period after (2006) (2007) (2008) (2009) (2010) vs. before (2001) (2002) (2003) (2004) (2005) implementing social policy measures. Results: Our cohort consisted of 2130 homeless persons with a mean age of 40, 3 years. Unnatural death, cardiovascular disease and cancer were the main causes of death. Compared to the general population of Rotterdam, the homeless had an excess risk of death for all causes. The largest mortality differences with Rotterdam citizens were observed for unnatural death (SMR 14.8, CI 11.5-18.7), infectious diseases (SMR 10.0, CI 5.2-17.5) and psychiatric disorders (SMR 7.7, CI 4.0-13.5). Mortality due to intentional injuries (suicide and homicide) differed significantly between the two study periods (HR 0.45, CI 0.20-0.97). Conclusions: Reducing unnatural death should be a target in social policies aimed at improving the health of the homeless. We generated the hypothesis that social policies aimed at housing, work and improved contact with health care could be accompanied by less suicides and homicides within this vulnerable group. 
Introduction

B
oth in the European Union and the USA around half a million persons are homeless on any given day. [1] [2] Homeless people have higher rates of premature mortality than the rest of the population, which is most evident among younger people. [2] [3] [4] [5] [6] This result in a largely reduced life expectancy, e.g homeless persons losing 14-16 life years in the Netherlands 7 and losing 17-22 life years in Denmark. 8 The contribution of specific causes-of-death to this excess mortality has not been studied extensively yet due to difficulties to reach out this vulnerable population. A limited number of studies in a few countries have shown an increased proportion of deaths resulting from substance misuse, 9 accidents, suicide and homicide 1,2,10,11 and mental disorders, infectious diseases and ischaemic heart disease. 1 According to several review studies social policy interventions may improve the health status of the homeless. 1, [12] [13] [14] Many different types of interventions, including case management, are effective in the reduction of substance misuse. 12, 13 For homeless people with substance abuse provision of housing is associated with decreased substance use, and health promotion programs can decrease risk behaviours among homeless populations. 14 Programmes focused on high risk groups, such as individuals leaving prisons and psychiatric hospitals and the introduction of national and state wide plans that target homeless people are likely to improve the mental health status of the homeless 1 In the Netherlands, in 2006 social policy measures were introduced in the four largest cities aimed at housing and access to community services and medical care of the homeless. The Dutch Government, together with the four major Dutch cities (Amsterdam, Rotterdam, The Hague and Utrecht) started an ambitious programme to guide all homeless persons into temporary care and social rehabilitation and subsequently into clustered or individual supported housing projects. Since 2006, substantial local policy efforts have been made in Rotterdam, which have led to large improvements of the living conditions of the homeless in this city. Homeless people were supported with housing projects with guidance into jobs, daytime activities and social education. They received psychiatric support and help with controlling their drug and alcohol addiction. In 2010, a policy evaluation showed that 3634 homeless persons had started an individual help trajectory and 2108 homeless people had been provided with housing for at least 3 months, were acquiring a legal income and had stable contacts with community services. 15 These measures showed a positive effect on feelings of safety and other social outcome measures, but not on total mortality rates of homeless in the city of Rotterdam. 16 The latter was established in a cohort of homeless persons visiting a facility for this group in 2001. Within this cohort we further analyzed the contribution of specific causes-of-death to the excess mortality of homeless persons and we compared mortality rates among the homeless before and after the implementation of the Dutch social policy measures. This explorative study addressed the following research questions:
(1) What is the contribution of specific causes-of-death to the excess mortality of homeless persons in Rotterdam? (2) Can we identify differences in cause-specific mortality rates before vs. after implementing social policy measures in Rotterdam?
Methods
Study design and population
We conducted a register-based 10-year follow-up study of homeless adults (20+), who visited one or more institutions providing care to homeless people in Rotterdam in 2001. Institutions providing services to homeless people ranging from the provision of meals to night care facilities and convalescence care were approached to provide full name, date of birth and sex of persons who visited their facility in 2001. This information was largely available because in 2001 homeless people were counted for research purposes. 17 Both institutions subsidized by the local government and services provided by the church were included, covering services at different locations in Rotterdam. To construct a database for this project on mortality among the homeless we pooled the lists from the different facilities, which yielded 5810 records; removal of duplicates with same name, initials/surname, date of birth and sex yielded 3398 persons. We used a restrictive matching procedure to ensure that for all matched persons we could determine in the municipal population registers whether (and if so when) that person had died. Of the 3398 persons in our cohort, 2159 provided a match with the municipal population registers (which include information on vital status and date of death). A total of 7 persons had died before the start of the follow-up (leaving 2152). Persons below age 18 were excluded (leaving 2130).
Mortality data
Data on mortality within this cohort were extracted from the municipal population registers with national coverage, extended with other registries (i.e. from general practice, health insurance and municipal public mental health care). In total 265 homeless persons died between 2001 and 2010. To identify their causes of death, our cohort data were linked to non-public microdata from Statistics Netherlands. We were unable to link 4 deaths to the causeof-death database of Statistics Netherland We used the International Classification of Diseases (ICD 10) to classify all fatalities in 8 main categories: unnatural death (V010-Y899), infectious diseases (A000-B999), cardiovascular diseases (I000-I999), cancer (C000-D489), psychiatric disorders (F000-F999), respiratory diseases (J000-J999), gastrointestinal diseases (K000-K939) and,-other diseases (all other ICD 10 codes). Unnatural deaths could be further subdivided into: intentional injury (suicide and homicide combined),-accidental poisoning, -other accidents (all accidents other than poisoning combined, e.g. traffic accidents, accidental falls, accidental drowning, burns). To prevent personal identifications within our small dataset (n = 261), further distinctions were not allowed. We could therefore not separately study homicide deaths, but in addition to the combined category 'intentional injury' separate results for suicide could be produced.
Data on mortality by cause of death for the population in Rotterdam were obtained from Statistics Netherlands (http:// statline.cbs.nl).
Statistical analysis
For the total period 2001-2010 we calculated the proportion of death by cause-of-death. We also calculated Standardized Mortality Ratios (SMRs) for this period to estimate excess mortality by cause-of-death among the homeless compared to the general population of Rotterdam. In the Netherlands, social policy measures to improve the living conditions of the homeless in the four largest cities were introduced in 2006. We calculated Hazard Ratios adjusted for age and sex to compare mortality rates by causeof-death among the homeless in the period after (2006-2010) vs. before (2001-2005) implementing these measures. We started with a model without period, including only age classes and gender as independent variables, and compared this with a model with in addition period (dichotomous). A significant HR for period indicates that the mortality hazard differs significantly between the two periods.
Results
The presented cohort consisted of 1870 men and 260 women. The mean age was 40.3 years. The mean follow up was 8.4 years and a total of 17909 persons years were observed. In total 265 homeless persons died during follow up (232 men-and 33 women). For 261 deaths the cause of death information was available.
In this cohort, unnatural death (26%, CI 21-32%), cardiovascular disease (22%, CI 17-22%) and cancer (17%, CI 13-22%) were the main causes-of-death (table 1) . Intentional injuries (suicide and homicide) caused 50% of all unnatural deaths in the homeless. In total there were 34 deaths for intentional injury, of which 25 for suicide.
With a share of 26% unnatural death was a much larger cause-ofdeath in the homeless than in the general population of Rotterdam (4%).
Compared to the general population the homeless had an excess risk of death for all causes. The largest mortality differences with Rotterdam citizens were observed for unnatural death (14.8, CI 11.5-18.7), infectious diseases (10.0, CI 5.2-17.5) and psychiatric disorders (7.7 CI 4.0-13.5) (table 2) .
We found an excess risk of death for intentional injury (SMR 14. 
Discussion
In a Dutch homeless cohort, the three main causes of death were unnatural death, cardiovascular diseases and cancer. Compared to the general population of Rotterdam the homeless had an excess risk of death for all causes. The largest mortality differences with nonhomeless citizens were observed for unnatural death, infectious diseases and psychiatric disorders. Unnatural causes were responsible for one quarter of all deaths among the homeless, i.e. a much larger share than in the general population of Rotterdam. The mortality due to intentional injuries, which caused one half of all unnatural deaths, differed significantly between the two study periods: after vs. before the implementation of social policy measures.
Our finding that the homeless had an excess risk of death for all causes is in line with findings reported in a review about descriptive epidemiology of the health of homeless people. 1 This review further showed causes of excessive mortality to be infections (HIV, tuberculosis), ischaemic heart disease, substance misuse, and external causes including unintentional injuries, suicides, homicides and accidental poisoning (from medication and illicit substances). Our study confirmed highest excess mortality from infectious diseases, psychiatric disorders and unnatural death, with high excess mortality for accidental poisoning (including drug overdoses) and intentional injury (suicide and homicide). The proportion of unnatural deaths, i.e. 26%, in our homeless cohort almost equals the results of a large Danish study that found 28% unnatural deaths (as a proportion of almost 5000 fatal cases). 8 We obtained our results in a comprehensive sample of homeless men and women using a wide range of services provided by both local communities and the church. Another strength of our study is the availability of reliable and valid data on unnatural causes of death. In the Netherlands, all deaths due to accidents, suicide and violence are assessed and confirmed by forensic specialists of the municipality. Statistics Netherlands uses a standard procedure for this aim, which has remained unchanged between 2001 and 2010 and justifies the absence of registration bias in our comparison of two time periods.
But our study has some limitations as well. Homeless people who did not use any local service in 2001 were not included, not all institutes could provide data for the year 2001, persons without a legal status could not be matched, and homeless persons dying in other countries after migration were missed. Moreover, we had a small study sample for an analysis of mortality by specific causes-ofdeath. For several causes-of-death we observed rather wide confidence intervals in the Standardized Mortality Ratios and Hazard Ratios, and due to low numbers we were not allowed to conduct separate analyses for men and women or in-depth analyses for small causes-of-death (e.g. homicide). It should also be considered that our study design, i.e. an uncontrolled beforeafter study, has shown ecological associations between social policy measures and mortality reductions, which may generate hypotheses but does not allow conclusions on causal relationships. Another limitation is that we compared the hazard of mortality in the a: Mainly unpecified or ill-defined disorders (50%), endocrine diseases (20%) and neurologic diseases (20%). b: Unnatural death includes unintentional injuries (accidental poisoning and other accidents) and intentional injuries (suicide and homicide). c: Other accidents: all accidents other than poisoning combined, e.g. traffic accidents, accidental falls, accidental drowning, burns. programmes that were provided. Because of these limitations it is not possible to attribute the difference in hazard rates between periods to the social policies. It should also be considered that we did tests for all presented cause-of-death categories and spurious results due to multiple testing can therefore not be excluded.
The findings from our explorative study are in line with previous research, suggesting shifts in cause-of-death patterns after introducing social policy measures. We observed that after the implementation of social policy measures in the city of Rotterdam in 2006 mortality rates due to intentional injuries (suicide and homicide) were reduced, whereas total mortality rates remained unchanged. 16 These results suggest a shift in the cause of death pattern within our homeless cohort with a reduced contribution of unnatural death. The policy efforts after 2006 included temporary care and social rehabilitation. People were supported with housing projects with guidance into jobs and social education. They received psychiatric support and help with their addiction. Comparable social programs in large cities in the USA were also accompanied by shifts in the main causes of death among the (formerly) homeless. Baggett at al showed that despite expansion of services (mainly expansion of federally funded Health Care for the Homeless clinical services), the excess mortality of homeless people in Boston remained similar during the past two decades, but shifts in the causes of death occurred with fewer deaths from HIV infection and more from drug overdose and substance misuse disorders 9 . Henwood et al showed that of the participants of a Housing First program in Philadelphia (i.e. a program offering access to housing combined with ongoing community support services) only 15% died from unnatural death (accidents, suicide and homicide) compared to 49% of those staying homeless. Simultaneously the proportion of deaths due to the main natural causes (i.e. cardiovascular disease and cancer) rose to 51% in the Housing First participants compared to 30% in the homeless 10 . Because of the discussed limitations of our study design the observed reduction of deaths due to intentional injuries cannot be attributed to the social policy measures, but seems nevertheless relevant from a policy perspective. Our explorative study has generated the hypothesis that social policies providing housing, supporting the acquisition of a legal income and improving contacts with community and (mental) health care services could be accompanied by less suicides and homicides among the homeless. Mental health problems are highly prevalent among the homeless 18 and are associated with elevated suicide risks, 19 which can be further exacerbated by hopelessness, i.e. generalized negative expectations about the future. 20 We hypothesize that the Dutch social policy measures may have improved mental health and reduced hopelessness among the homeless thereby contributing to less self-harm and suicides within this vulnerable group. In addition, these measures have provided housing for many formerly homeless and may have reduced their exposure to several risks of living in the street. It has been shown that the safety index of Rotterdam improved after 2006 with a decreased street use of illegal drugs (including cocaine, which may lead to agitation, loss of impulse control and an elevated risk of intentional injury) and a reduction of violent crimes. 21 The Dutch social policy measures were not accompanied by a mortality reduction in chronic diseases. We previously hypothesized that our cohort of homeless persons carries the burden of a long previous history of homelessness, unhealthy living circumstances and lifestyles (e.g. long-term use of alcohol and illicit drugs, heavy smoking) and related chronic health problems (e.g. atherosclerosis and chronic obstructive lung disease). 16 This may have induced permanent damage to several organ systems that cannot be reversed by any social policy and explains why a short-term effect on chronic disease mortality was not found. This is in line with previous research, suggesting that adverse health outcomes among long-term homeless persist after individuals obtain housing. 22 But why did total mortality among the homeless remain unchanged in spite of large and significant mortality reductions related to intentional injury? After 2006 the homeless started to lead safer life's with community guidance in protected housing. Their lifestyles however, have not necessarily become healthier as well and novel habits and conditions (e.g. lack of movement, sugar addiction and obesity) could have further compromised their bad health status. This could have induced an increase in cardiovascular disease mortality. In our study, we observed this type of trend, which was however not significant. We therefore hypothesize that after the implementation of social policy measures a substantial number of suicides and homicides could be prevented among homeless persons already suffering from a severely compromised health status due to a variety of natural causes. Within this very vulnerable group unnatural deaths prevented are instantaneously replaced by competing natural death risks and total mortality remains unchanged. In our cohort similar mechanisms could be involved as in Housing First (HF) participants in the USA, who have a higher disease burden and are more vulnerable to death than those who remain on the street. 10 This mechanism is called 'vulnerability indexing': individuals with the most severe medical conditions and the highest risk of death receive priority for placement in housing or other support. 23 We hypothesize that vulnerability indexing may have prioritized social help for homeless with the highest care needs and may have induced suicide and homicide prevention in-mainly-the most severely ill persons in our cohort.
Our findings have implications for policymakers, public health professionals, and general practitioners and clinicians serving this population. Reducing unnatural death should be an important target in social policies aimed at improving the health of the homeless. We generated the hypothesis that social policies providing housing, supporting the acquisition of a legal income and improving contacts with community and (mental) health care services could be accompanied by less suicides and homicides within this vulnerable group.
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Key points
Unnatural death is a leading cause of mortality in a cohort of homeless persons in Rotterdam. Compared to the general population of this city, the homeless in Rotterdam have a 15-fold higher risk to die from unnatural causes. Half of all unnatural deaths in this cohort are caused by intentional injuries: suicide and homicide.
Mortality due to intentional injury differed significantly between two study periods: after vs. before implementation of social policy measures.
